
;{|e3e(hB(elF6TBBM+WO 00/51118 PCT1SG99100013  A METHOD AND APPARATUS FOR
CONTROLLNIG A DISK DRIVE UNDER A POWER LOSS CONDITION 5 This invention
relates to a control system and method which is applicable for use in data
storage disk drives and the like) particularly when a loss of supply power
occurs during operation. 10 ri typical data storage disk drive comprises at
least one disk on which data is stored in magnetic or optical form, a head
mounted on an arm to read/writefzom the disk surface and necessary control
circuits. The disk is rotated at a constant velocity by a spindle motor and
the ante is moved over the disk surface to access different locations on
the disk surface by a voice coil motor (VCM). Upon power failure, in order
to avoid physical damage to the disk 15 storage surface as well as the
read/write heads, the read/write head assembly should be positioned away
from the disk data storage surface (referred to as parking the arm). Under
power failure conditions the energy requited to drive the voice coil motor
may have to be derived from a secondary source, and in this case energy
remaining in the spindle motor can be used by the disk drive circuits to
operate the voice coil motor to park the arm. 20 Summary of the Invention
In accordance with the present invention, there is provided a method for
controlling a motorized mechanism in the event of external power loss, the
motorized mechanism comprising first and second motors coupled to a common
driving circuit, said first motor 25 being arranged to rotate at a
substantially constant rate with external electrical power applied to the
driving circuit, wherein in the event of loss of said external electrical
power to the driving circuit, the driving circuit is controlled so as to
connect and disconnect the first and second motors to the driving circuit
in substantially out-of-phase synchronism to enable said second motor to be
driven with electrical power derived from back-emf of the rotating first 30
motor. '159159'   WO 00/51118 -2 PCT/SG99/00013 Preferably ) the motocizcd
mechanism comprises a driving mechanism for a disk drive or the like,
wherein the first motor is a spindle motor and the second motor is a
read/write head positioning motor. 5 The present invention also provides a
method for use in a disk drive having a spindle motor for rotating a data
storage disk and a head positioning motor for positioning a read/write
head, the spindle motor and positioning motor being coupled to be driven
from an external power source by way of a driving circuit) the method being
for controlling the motors in the event of loss of said external power
source during rotation of the spindle motor wherein the 10 spindle motor
and positioning motor are switched on and off from the driving circuit
substantially in out-of phase synchronism to enable said positioning motor
to be driven with electrical power derived from back-emf of the rotating
spindle motor. The present invention also provides a method for controlling
a disk drive having a spindle 15 motor and a positioning motor both coupled
to a driving circuit) comprising the steps of: detecting a loss of supply
power to the driving circuit; chopping connection between the spindle motor
and the driving circuit to generate an 



intermittent back-emf derived rccirculation current; and chopping
connection between the positioning motor and driving circuit at least 20
substantially synchronized out-of phase with the chopping of the spindle
motor connection to unable driving of the positioning motor using the
recirculation current. The present invention further provides a disk drive
or the like having a spindle motor for rotatably driving a spindle and/or
disk) a positioning motor for positioning a read and/or 25 write head, and
a motor driving circuit coupled to controllably drive the spindle motor and
positioning motor under normal operation using an external power supply,
the motor driving circuit including a controller adapted to respond to loss
of said external power supply by chopping connection between the driving
circuit and the spindle and positioning motors respectfully in a
substantially synchronised out-of phase manner to enable driving of the 30
positioning motor with a recirculation current derived from a back-cmf of
the spindle motor,   WO 00/S1118 -3 PCT/SG99/00013 In a preferred form of
the invention, the driving circuit has upper anti lower supply rails
coupled to receive the external power supply under normal operation, and
wherein the driving circuit includes a storage capacitor and a voltage
clamp coupled to the upper supply rail. 5 Preferably the spindle motor is
coupled to the upper and lower supply rails of the driving circuit by way
of a plurality of respective upper anti lower semiconductor switching
elements having parallel diode elements, and wherein chopping of the
spindle motor corresponds to alternately switching on and off the lower
switching elements to connect the spindle motor to the lower supply rail)
wherein switching off the lower switching' elements allows back-eraf 10
derived from the spindle motor to generate a recirculation current through
the upper switching elements to the upper supply rail. Preferably the
positioning motor is coupled to the upper anti lower supply rails of the
driving circuit by pairs of upper and lower semiconductor switching
elements, and wherein chopping I S of the positioning motor corresponds to
switching vn and off a selected one of the pairs of switching elements to
connect and disconnect the positioning motor to the upper anti tower supply
rails to selectively drive the positioning motor with said recirculating
current. Brief Description of the Draws 20 The invention is described in
greater detail hereinbelow, by way of example only, through description of
a preferred embodiment thereof and with reference to the accompanying
drawings in which: Figure 1 is a circuit diagram of spindle motor and voice
coil motor driving circuits under power loss condition; 25 Figure 2 is a
simplified circuit diagram of the spindle and VCM circuits of Figure 1;
Figure 3 is a waveform timing diagram for voltages and currents in the
spindle and 



V CM circuits whey controlled according to a preferred embodiment of the
present invention; and Figure 4 is a block diagram representation of a
circuit according to an embodiment 30 of the invention.   wo oolsllls -4
PCT/SG99100013 Detailed Description of Preferred Embodiments A typical data
storage disk drive) such as those known as hard disks, have one motor to
drive a spindle for rotating the disk and another motor (sometimes called a
voice coil motor or VCM) for positioning the read/write mechanism. When the
disk drive is not in use it is 5 desirable that the read/write head be
positioned away from the data storage surface of the disk (to a parked
position), to avoid contact between the head and disk surface which can
cause damage. Thus) if a failure is the supply of eletrical power to the
disk drive occurs, it is desirable to move the read/writc head to the
parked position. The difficulty with achieving that aim lies in obtaining
power with which to drive the voice coil motor for positioning the 10 head
mechanism. One solution to the problem of obtaining the required electrical
power for parking the head in a power supply failure is to provide the disk
drive with a battery or capacitive power storage sufficient to power the
VCM for the necessary operations. However, that solution 15 can
disadvantageously increase the construction costs of the disk drive.
Another solution relies on the rotational energy stored in the spindle
motor and the associated spindle and disk to which it is coupled. In that
case, when the power supply fails the back emf (BEM of the spindle motor is
harnessed to provide electrical power for operating the 'VCM. The maximum
current that can be delivered by the BEMF in the spindle motor is limited
by the 20 motor parameters and the circuit elements. Further, the voltage
supplied will drop to an unacceptably low voltage for the circuits to
operate if the current required for the circuits is high. A circuit diagram
of a disk drive spindle and VCM motors and their driving circuits is shown
25 at 10 in Figure 1. The circuit 10 includes a spindle motor (12) which is
coupled to be driven by a spindle driving circuit I4. The circuit 10 also
includes a voice coil motor (VCM) 20 which is coupled to be driven by a VCM
driving circuit 22. The spindle driving circuit 14 includes upper drivers
16 coupled between the spindle motor terminals and the upper power supply
rail, and lower drivers 18 coupled between the spindle motor terminals and
the lower 30 power supply rail. The upper and lower spindle drivers 16, 18
are each arranged in three   WO 00/51118 -5 PCT/SG99/00013 phases (phaseA,
phaseH and phaseC) far controlling the spindle motor) which is driven at a
constant speed during operation. The upper and lower spindle drivers for
cacti phase comprise an output power MOS switch with intrinsic body diode,
and these switches are controlled, in use) by means of a pulse width
modulation (PWM) controller or the like in 5 known fashion. The controlling
circuitry for the spindle motor and VCM driving circuits is 



omitted from the Figure in the interests of clarity. The VCM driving
circuit 22 also has upper drivers (24) and lower drivers (26) coupled
between the VCM and upper and lower supply rails, respectively. The VCM
driving circuit 10 as shown includes two phases coupled to terminals of the
VCM labelled outP and outQ, and . each phase of the upper and lower VCM
drivers comprises as output power MOS of similar construction to the
spindle motor circuit. .Also coupled to the upper supply rail (labelled
Vpwr) in circuit 10 is a storage capacitor 28 IS and a voltage clamp 30.
The storage capacitor 28 is provided to enable transfer of BEMF energy from
the spindle motor to the storage capacitor for powering the VCM. The
boosted storage capacitor voltage is limited by the clamp circuit 30 to
protect the other circuits from being damaged by a high voltage. 20 A
simplified circuit diagram of the spindle, VCM and respective driving
circuits is shown in Figure 2. The naming conventions for the elements of
Figure 2 is given below. Vbemf sp............. BEMF in the spindle motor.
Vbemf vc............. BEMF in the Voice Coil Motor (VCM). 25
Rm_sp..,.............. Spindle motor resistance. Rm vc.................
Voice Coll Motor resistance. Rbody dio sp........ Resistance of the body
diodes of spindle driver MOS transistors. Rds on vc.. , ......... Total ON
resistance of the VCM driver MOS transistors. Rsns vc............... Sense
resistor for the Voice Coll Motor. 30 Vpwr............. .. Power supply
voltage for the circuits.   WO 00/511l8 PCT/SG99/00013 -6 Writing a
ICirchoff loop equation for the circuit as shown in Figure Z results in: __
{ye.M~ tp + yb.w~ vd + + + + Rro_ip Rbody dlo tp Rdr_sn ri Ryve Rnr= a The
corresponding voltage at Vpwr will be: prr y6eM/_ap INtx ~Rr~~tp + Rbedy
dIe_rp~ From the above equation it is clear that for a higher valve of Imax
the Vpwr voltage will necessarily be lower. In order to overcome that
limitation and obtain a suitable solution to 5 the difficulties described
above, three potential strategies arise, as summarised below, 1. Drive the
VCM with the maximum possible current until Vpwr drops below a critical
voltage for the circuits to operate, eg, 3V. However, this mode of
operation places constraints on the design and reusage of the circuits that
are operational under 12V. 10 2. Use a very' large storage capacitor 28 at
Vpwr to supply the entire energy for the circuits to operate under no power
condition. The energy is stored in the capacitor when supply power is
available. This increases the solution cost. 3. Step up the voltage
available at Vpwr by chopping of the spindle motor back emf, 15 Consider
strategy 3, to step up the Vpwer voltage by chopping the spindle motor
BEMF. Conventional methods develop a current in the spindle motor by
shorting the terminals of the motor) which is equivalent to applying the
spindle BEMF.voltage across the motor resistance. When the short is
released, the motor current recirculates through the body diodes of the
output drive MOS transistors 16) 18. The recirculation current is dumped
into the storage 20 capacitor at the power supply Vpwr) boosting the
voltage. This process of shorting and 



releasing is repeated at regular intervals to replenish charge in the
storage capacitor. The circuits are protected from being damaged by a high
voltage using the voltage clamp 30, which dissipates the excess energy from
recirculation. This solution requires a smaller capacitor than strategy 2,
but is still subject to three limitations as follows.   WO 00/511I8
PCT/SG99/00013 a. The size of the storage capacitor must increase as the
peak current required by the load circuits increases. This increases the
cost of the solution. b. The efficiency of use of the spindle motor energy
is low) since the energy dissipated in the clamp is unused. 5 c. The clamp
circuit must be able to sustain the power dissipated within itself without
getting damaged by the heat generated. In order to reduce or overcome these
drawbacks for as improved solution, a preferred embodiment of the present
invention provides that the VCM is also driven in a chopped 10 manner and
that the OFF time of spindle chopping is synchronized with the ON time of
the V CM. In other words ) the V CM is turned ON when the spindle starts to
recirculate) such that the recirculation energy is directly transferred to
the VCM. A key advantage to that arrangement is that) by controlling the
amount of current developed in the spindle in excess of the current
required by the to ad, the amount of energy dumped into the capacitor and
the 15 clamp is controlled. A waveform diagram of the synchronized chopping
of the spindle motor and the VCM is shown in Figure 3. The first trace
named spindle indicates the state of the spindle motor output drivers.
Where the spindle trace shows "on" this indicates that the lower drivers 18
20 are turned on, resulting in build-up of the spindle motor current. The
variation of the spindle motor current is indicated by the waveform
labelled Im sp in the trace labelled Imotor. Where the spindle trace shows
"highZ" (meaning high impedance) this indicates that the output drivers are
off which results in recirculation of the spindle motor current through the
body diodes of the spindle output driver MOS transistors (16, 18). The
second trace in 25 Figure 3) labelled V~1~1 shows the state of the VCM
output drivers 24, 26. Where the YCM trace shows "on" this indicates one of
the following two states. First, current is ;lowing from node outP to node
outQ (see Figure I) when the upper driver of outP and lower driver of outQ
are turned on. Second, current is flowing from node outQ to node outP (see
Figure I) when the upper driver of outQ and Lower driver of outP are turned
on. The corresponding 30 current waveform in the VCM is indicated at Im_vc
in the Iinotor tract in Figure 3. The   wo ooisllls .g. PCT/SG99/00013
fourth trace in Figure 3, labelled as Icap+Iclamp shows the current in the
storage capacitor 28 and voltage clamp 30 at the power supply rail Vpwr. 



In the Icap+Iclamp trace, the waveform portion indicated at 32 corresponds
to recirculation 5 current delivered by the spindle motor. The next
succeeding waveform portion indicated at 34 corresponds to current supplied
to drive the VCM by the storage capacitor 28. Finally, the waveform portion
indicated at 36 in the Icap+Iclamp trace corresponds to recirculation
current of the voice coil motor itself. From this graph it becomes apparent
that the proposed system of controlling the spindle and VCM drivers in
these circumstances is advantageous, 10 since most of the current generated
from the spindle motor recirculation is directly used to drive the VCM. In
order to achieve the most beneficial results, the time intervals indicated
in Figure 3 by to) tl and rz are chosen such that, 1. The average of
Icap+Iclamp is positive, resulting is boosting up of the supply 15 voltage.
2. This positive value of the average of Icap+Iclamp is kept at a minimum
to reduce the power dissipated in the clamp. 3. The region where
Icap+Iclamp is negative (capacitor supplying the VCM current) is minimum,
which means that the required capacitor is smaller. 20 The optimum values
for the time intervals will of course depend upon the actual circuit and
motors upon which the system is imptemented) but based upon the foregoing
description suitable values for a given circuit may be easily determined
experimentally. 25 Embodiments of the present invention may be implemented
in existing forms of disk drives, for example, by operating with the
standard driving circuitry and motors perhaps with the addition of a
storage capacitor (28) and voltage clamp (30) where necessary. In that
case) the control procedures of the preferred embodiment may be
incorporated into the embedded control instructions of the disk drive or
disk drive control circuitry as required. It is implicit 30 in the
foregoing description that the disk drive or the like includes mans for
early detection   WO 00/51118 _g. PCT/SG99/00013 of the power supply
failure, so that the procedures of the present invention may be put into
action at the appropriate time. In Figure 4 a block diagram representation
of a circuit according to an embodiment of the 5 present invention is
illustrated. In this diagram the spindle motor 12 is shown couple d to the
spindle motor drivers I4, and the voice coil motor 20 is coupled to the VCM
drivers 22, as in Figure 1. The motor drivers I4, 22 are connected to upper
and lower supply rails 50, 52 respectively, and a storage capacitor and
clamp circuit 42 is coupled to the upper supply rail 50. The semiconductor
switching elements (16, 18 in Figure 1) of the spindle motor drivers IO I4
are selectively controllable to couple the terminals of the spindle motor
to the upper and lower supply rails, and are controlled by way of control
lines 44 which are coupled to a puts a width modulation (PWM) controller
40. Similarly) the semiconductor switching elements (24) 26 in Figure 1) of
the VCM drivers 22 are selectively coatrotlable to couple the terminals of
the VCM to the upper and lower supply rails) and are controlled by way of
15 control lines 46 which are also coupled to the PVYNI controller 40. The
PWNI controller may itself be controlled by an external microcontroller or
microprocessor to generate appropriate control signals on the control lines
44, 46, as is lmown in the art. During normal operation (i. e. whilst
external power is applied to the supply rails 50, 52) the 20 PWM controller
applies control voltages to the control lines 44, 46 so as to switch the
drivers 



14 to drive the spindle motor 12 at a substantially constant speed whilst
the disk drive is in use. The PWM controller) during normal operation) may
also selectively apply control voltages to the control lines 46 to switch
the VCM driver 22 for selectively driving the VCbi to position the
read/write head as required to store or retrieve data. Then, when a loss of
25 power to the supply rails is detected, the PWM controller operates in a
different mode. In accordance with the preferred form of the invention,
upon detection of the external power supply the PWbI controller applies
control voltages to the control lines 44 and 46 so as to switch the spindle
motor and VCbI drivers as described hereinabove to generate and store
back-emf derived electrical power. In particular, the spindle motor drivers
and VCNI driver s 30 are controlled by the PWbf controller to chop the
connections to the supply rails in an out-of   WO 00/51118 -10
PCT/SG99/00013 phase manner so that recirculatioa current gcneratcd by the
spindle motor can be used directl y by the VCM. The electrical power
derived from the back-emf of the spinning spindle motor is thus used to
drive the VCM and the PWM controller (and any other necessary circuitry) in
order to park the readlwrite head. The Foregoing detailed description of
the present invention is presented by way of example only, and is not
intended to be considered limiting to the present invention as defined in
the appended claims. 10   WO 001511I8 -11 PCT/SG99/00013 1. A method for
controlling a motorized mechanism in the event of external p ower loss, 5
the motorized mechanism comprising first and second motors coupled to a
common driving circuit) said first motor being arranged to rotate at a
substantially constant rate with external electrical power applied to the
driving circuit, wherein is the event of loss of said external electrical
power to the driving circuit, the driving circuit is controlled so as to
connect and disconnect the fast and second motors to the driving circuit in
substantially out-of phase 10 synchronism to enable said second motor to be
driven with electrical power derived from back-emf of the rotating first
motor. 2. A method as claimed in claim 1, wherein the motorized mechanism
comprises a driving mechanism for a disk drive or the like, wherein the
first motor is a spindle motor and 15 the second motor is a readlwrite head
positioning motor. 3. tn a disk drive having a spindle motor for rotating a
data storage disk and a head positioning motor far positioning a read/writc
head, the spindle motor and positioning motor being coupled to be driven
from an external power source by way of a driving circuit, a 20 method for
controlling the motors in the event of Ioss of said c~raal power source
during rotation of the spindle motor wherein the spindle motor and
positioning motor are switched on and off from the driving circuit
substantially in out-of phase synchronism to enable said 



positioning motor to be driven with electrical power derived from back-emf
of the rotating spindle motor. 25 4. A method as claimed in claim 3,
wherein the spindle motor is coupled to the upper and lower supply rails of
the driving circuit by way of a plurality of respective upper and lower
semiconductor Switching elements having parallel diode elemetas, and
wherein switching on of the spindle motor corresponds to switching of the
lower switching elements 30 to connect the spindle motor to the lower
supply rail, and switching off of the spindle motor   WO 00/51l18 -12 PCT/S
G 99/00013 allows back-emf derived from the spindle motor to generate a
recirculating current through the upper switching elements to the upper
supply rail. 5. A method as claimed in claim 4) wherein the positioning
motor is coupled to the upper 5 and lower supply rails of the driving
circuit by pairs of upper and lower semiconductor switching elements) and
wherein switching on of the positioning motor corresponds to switching on a
selected one of the pairs of switching elements to connect the positioning
motor to the upper and lower supply rails to drive the positioniztg motor
with said recirculating current. . 10 6. A method for controlling a disk
drive having a spindle motor and a positioning motor both coupled to a
driving circuit, comprising the steps of: detecting a loss of supply power
to the driving circuit; chopping connection between tire spindle motor and
the driving circuit to generate an 15 intermittent back cmf derived
rccirculation current; and chopping connection between the positioning
motor and driving circuit at least substantially synchronized out-of phase
with the chopping of the spindle motor connection to enable driving of the
positioning motor using the recirculation current. 20 7. A disk drive or
the like having a spindle motor for rotatably driving a spindle and/or
disk) a positioning motor for positioning a read and/or write head) and a
motor driving circuit coupled to controllably drive the spindle motor and
positioning motor under normal operation using an external power supply)
the motor driving circuit including a controller adapted to respond to Loss
of said external power supply by chopping connection between the driving 25
circuit and the spindle and positioning motor9 respectfully in a
substantially synchronised outof-phase manner to enable driving of the
positioning motor with a recirculation current derived from a back-emf of
the spindle motor. 8. A disk drive or the like as claimed in claim 7,
wherCin the driving circuit has upper 30 and lower supply rails coupled to
receive the exterw~l power supply a nder normal operation)   WO 00/51118
-13 PCT/SG99J00013 



and wherein the driving circuit includes a storage capacitor and a voltage
clamp coupled to the upper supply rail. 9. A disk drive or the like as
claimed in claim 8, wherein the spindle motor is coupled 5 to the upper and
lower supply rails of the driving circuit by way of a plurality of
respective upper and lower semiconductor switching elements having parallel
diode elements, and wherein chopping of the spindle motor corresponds to
alternately switching on and off the lower switching elements to connect
the spindle motor to the lower supply rail, wherein switching off the lower
switching elements allows back-emf derived from the spindle motor 10 to
generate a recirculation current through the upper switching elements to
the upper supply rail. x0. A disk drive or the like as claimed in claim 8
or 9, wherein the positioning motor is coupled to the upper and lower
supply rails of the driving circuit by pairs of upper and lowe r 15
semiconductor switching elements) and wherein chopping of the positioning
motor corresponds to switching on and off a selected one of the pairs of
switching elements to connect and disconnect the positioning motor to the
upper and lower supply rails to selectively drive the positioning motor
with said recirculating current. .ANe.As.Al`.A `.A,s.A`.A3.A.A.A{,&.A;
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